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Experience shapes neural circuits in the brain. This review explores current research in 
neuroscience on experience-dependent synapse formation in mice. Studies using the chessboard 
trimming paradigm are analyzed to provide information on the effects of partial versus complete 
deprivation. The resulting formation of transient spines and new persistent spines indicates the 
impact experience has on shaping neural pathways. Research on long-term sensory deprivation in 
the adolescent and adult somatosensory cortex indicates that once brain pathways are established in 
adulthood, they are difficult to change. Together these findings are applied to the questions pre-
sented in the literature of developmental psychopathology, such as the implications of spine growth 
and elimination in Attention Deficit Hyperactive Disorder and Antisocial Personality Disorder. 
Future research is limited by the ethical concerns of imaging dendritic spines in humans; however, 
the findings outlined in this review hold speculative results for experience-dependent synapse forma-
tion in humans. 
Experiments in the somatosensory, visual 
and motor cortex demonstrate that spine addition 
and subtraction, coupled with synapse elimina-
tion and formation, are likely to contribute to 
experience-dependent rewiring of cortical cir-
cuits (Holtmaat & Svoboda, 2009). This rewir-
ing may be responsible for maladaptation occur-
ring in individuals experiencing prolonged 
partial or complete deprivation of significant 
relational or environmental stimuli. 
Experience has been observed to influ-
ence development. Much research exists on 
critical periods, which highlight that these 
periods are marked by heightened sensitivity to 
particular stimuli (Trachtenberg et al., 2002). For  
example, the concept of imprinting in birds as 
identified by Konrad Lorenz (1952) provides 
insight into the understanding of critical periods. 
In an experiment, if the newly hatched chicks 
saw Lorenz first after hatching, they continued 
treating Lorenz as the mother instead of the 
mother bird. This method of imprinting occurred 
solely at an early age and not at later ages. 
Therefore, imprinting takes place at a certain 
interval in time and if the critical event does not 
• occur at this specific time the bird will not 
successfully imprint. Thus, critical periods do 
come to an end. The idea of experience-depen-
dent synapse formation ties closely with this line 
of research, but differs by focusing on how 
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neural pathways are shaped based upon early and 
prolonged experience. New research in neuro-
science regarding experience-dependent synapse 
formation, not relating to critical periods, may 
hold implications for the field of developmental 
psychopathology. Currently, there is growing 
recognition of the interplay between neurobio-
logical development and experience and how 
they are mutually influential on nervous system 
functioning (Cicchetti & Tucker, 1994). 
Experience-dependent synapse formation 
involves the brain's adaptation to information 
that is unique to the individual (Black, Jones, 
Nelson & Greenough, 1998). "Experience 
dependent synaptogenesis is localized to the 
brain regions involved in processing information 
arising from the event experienced by the indi-
vidual" (Cicchetti & Toth, 2009, p.18). There-
fore, implications may exist for children who 
encounter certain experiences, such as extreme 
poverty, early and/or chronic neglect, and abuse. 
These experiences can impact neurobiological 
development leading to potential behavioral 
maladaptation (Cicchetti & Toth, 2009). 
This paper explores the recent literature 
on experience-dependent synapse formation and 
the impact of partial versus total deprivation on 
spine growth and elimination. The findings 
within neuroscience will then be applied to the 
recent speculation regarding implications for 
developmental psychopathology research, such 
as the application of experience-dependent 
synapse formation in disorders such as ADHD 
and Antisocial Personality Disorder. 
Spine Morphology 
Circuits in the brain are sculpted by 
spontaneous activity and sensory experience. 
This sculpting process, or functional rewiring, in 
the adult brain involves structural plasticity with 
synapse formation and elimination (Wilbrecht, 
Holtmaat, Wright, Fox & Svoboda, 2010). Spine  
sprouting is associated with synapse formation 
and the retraction of spines constitutes spine 
elimination (Tractenberg et al., 2002). The 
rewiring process involves the growth and/or 
removal of spines. In this process, long-term in 
vivo imaging in the neocortex has revealed that a 
subpopulation of spines appear and disappear, 
whereas other spines persist for months 
(Trachtenberg et al., 2002). • 
One of the basic questions within this 
area of research concerns how spine addition and 
elimination relate to synapse formation (Knott, 
Holtmaat, Wilbrecht, Welker & Svoboda, 2006). 
According to Trachtenberg et al. (2002) two 
main theories exist surrounding the issue of 
synapse formation: 1) spines grow to make new 
synapses, 2) spines emerge just below an exist-
ing shaft synapse and drag this synapse along, 
and resulting in no new formation of synapses. 
Research has shown that spines can emerge in 
relation to synaptic stimulation and that some 
new spines are associated with synapses 
(Trachtenberg et al., 2002). However, as identi-
fied by Knott et al. (2006) this previous research 
does not clarify whether new spines grow to 
contact a local axon from the beginning of 
synapse formation or if spines grow from previ-
ous existing synapses. Additionally, Knott et al. 
(2006) notes that research is unclear as to 
whether new spines form synapses on new 
boutons, the tip of an axon where neurotransmit-
ters are released, or existing boutons. 
In order to clarify these uncertainties, 
Knott et al. (2006) employed a chessboard 
whisker trimming pattern; the most common 
method used for testing the changes in dendritic 
spine populations, and the influence of experi-
ence on synapse formation. The chessboard 
pattern allows for every other whisker to be 
trimmed and the rest remain intact, essentially 
alternating empty spaces between whiskers. This 
98 
type of trimming is described as partial depriva-
tion and the removal of all whiskers is known as 
the deprivation paradigm (Knott & Holtmaat, 
2008). This method found that spine growth 
precedes synapse formation in the adult neocor-
tex (Knott et al., 2006). 
First, dendrites in layer one of transgenic 
mice, expressing an enhanced green fluorescent 
protein in a subset of pyramidal neurons, were 
imaged. Dendrites and their spines were imaged 
every four days for twenty-eight days (Knott et 
al., 2006). The chessboard trimming followed 
immediately after the third imaging session and 
lasted until the termination of the experiment. 
The production of new spines and loss of spines 
were recorded (Knott et al., 2006). The findings 
were consistent with previous literature on 
chessboard trimming; a subpopulation of spines 
appeared and disappeared, which were classified 
as new spines (Knott et al., 2006). 
After this experiment, mice that had 
received whisker trimming were processed for 
ssEM, serial section electron microscopy. 
Through this level of the experiment, Knott et al. 
(2006) analyzed the imaged spines for evidence 
of synapses. Spines that showed a post-synaptic 
density and an active zone opposite the post-
synaptic density were considered to have syn-
apses. The experiment concluded that new 
spines, or the youngest spines resulting from the 
trimming, did not have synapses whereas new 
spines persisting between two to twenty-eight 
days were shown to always have synapses, 
resulting in the classification of new persistent 
spines (Knott et al., 2006). 
Another important point of this particular 
study was the suggestion that spine growth 
preceding synapse formation might be related to 
the appearance of SER, smooth endoplasmic 
reticulum, or an organized spine apparatus 
(Knott et al., 2006). Of the new spines imaged in  
this study, only one contained SER or spine 
apparatus, suggesting that these characteristics 
may appear late in the organization process. 
Therefore, the inclusion of SER or spine appara-
tus may be associated with long-term mainte-
nance of the spines (Knott et al., 2006). These 
findings raise implications already for the field 
of developmental psychopathology, in that, the 
long-term maintenance of synapses may lead to 
maladaptive functioning depending on the 
formation of specific spines and synapses. 
Knott et al. (2006) also found that new 
spines preferentially synapse onto existing 
boutons, making the synapse multisynaptic. This 
finding also emphasizes the strength of synapse 
formation along previously existing pathways. 
This preference for creating new connections to 
previous existing material may also lead to the 
maintenance of certain pathways, thus strength-
ening the connections between messages. 
Additionally, Holtmaat, Wilbrecht, Knott, 
Welker, and Svoboda (2006) replicated these 
findings in their own chessboard trimming 
experiment and provided insight into the specific 
cell types implicated in the creation of new 
persistent spines. Consistent with the findings of 
previous research, whisker trimming was found 
to" stabilize new spines and destabilize previ-
ously persistent spines" (Holtmaat et al., 2006, 
p.979). Similarly, new spines always formed 
synapses, providing more support for the theory 
that spine growth precedes synapse formation 
(Knott et al., 2006; Trachtenberg, 2002). How-
ever, this study noted that new persistent spines 
were found to increase on complex-tuft cells 
(Holtmaat et al., 2006). 
Therefore, spine density decreased on 
simple tuft cells and increased on complex tuft 
cells (Holtmaat et al., 2006). As identified by 
Holtmaat et al. (2006) these findings give evi-
dence to the theory that new spines may result 
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from experience-dependent changes. 
These changes in cortical activity may influence 
either the "formation of synapses between 
previous unconnected neurons or by increasing 
the number of synapses between previously 
connected neurons" (Holtmaat et al., 2006. P. 
981). This finding suggests that these experi-
ence-dependent synapses are either giving 
certain neurons more to do or are strengthening 
older pathways, by increasing synapses between 
already existing pathways. Once again, there is 
an emphasis, predominantly, on building stronger 
pervious pathways. Naturally, the next question 
is how sensory experience affects the formation 
and elimination of these pathways. 
Sensory Experience 
Changes in sensory experience reveal a 
loss in stable spines and an increase in new 
persistent spines (Knott & Holtmaat, 2008). 
Thus, sensory experience may be responsible for 
reorganizing the functions of cortical circuits. 
This reorganization can be viewed in the changes 
in receptive field representation in deprived 
cortical columns in comparison to spared cortical 
columns. 
To show whether synapse formation and 
elimination was influenced by sensory experi-
ence, Trachtenberg et al. (2002) employed the 
chessboard trimming pattern. This mechanism 
produces an imbalance in the activation of 
neighboring cortical columns and stimulates a 
rapid remodeling of whisker representation (Fox, 
2002). The imaging of spines before and after 
chessboard trimming disclosed "considerable 
experience-dependent effects" (Trachtenberg et 
al., 2002, p. 791). This level of deprivation 
increased the number of transient spines, or new 
spines, which were only found in the deprived 
columns; there was no change in spine growth or 
elimination outside of the barrel cortex in the 
spared columns. Additionally, mice exposed  
to the chessboard trimming pattern exhibited a 
"significantly enhanced surround receptive field" 
(Trachtenberg et al., 2002, p.792). This result 
was in contrast to the whiskers not experiencing 
trimming. These findings suggest that there is an 
experience-dependent reorganization of synaptic 
circuits which underlies the plasticity of recep-
tive fields (Trachtenberg et al., 2002). The 
changes in receptive field organization and 
representation illustrate the compensation 
mechanism that occurs during partial depriva-
tion. 
Partial versus Complete Deprivation 
As previously stated, partial deprivation 
is represented by the chessboard trimming 
pattern. The trimming of all whiskers is referred 
to as a deprivation paradigm (Knott & Holtmaat, 
2008). Both sources of deprivation pose different 
results in experience-dependent plasticity. Partial 
deprivation shows an increase in new spines and 
a decrease in stable spines, whereas complete 
deprivation has been shown to result in a signifi-
cant decrease in spine elimination (Knott & 
Holtmaat, 2008). Moreover, in partial depriva-
tion the activity and growth of new persistent 
spines is enhanced between the border of spared 
and deprived columns (Wilbrecht et al., 2010). 
These findings support the previously mentioned 
representation changes in receptive field organi-
zation. 
The chessboard pattern, or partial depri-
vation method, allows for compensation to take 
place. As indicated by Wilbrecht et al. (2010) the 
activity of spines on the border between spared 
and deprived columns shows that spines sur-
rounding the trimmed whiskers are reacting to 
the loss of the trimmed whisker. Thus, the 
neurons surrounding the removed whisker 
compensate for the loss by altering their re-
sponses to the information that is usually experi-
enced by the now absent whiskers. The 
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compensation is illustrated by their strong 
response to the deflection of input from the lost 
whisker to spared whiskers (Knott & Holtmaat, 
2008). However, in complete deprivation there is 
not the same compensation, because no whiskers 
are spared, therefore the input has no way to be 
integrated. Thus, complete deprivation may 
significantly affect functionally rewiring as there 
is a complete loss of cortical input. 
Adolescent Brain versus Adult Brain 
Experience-dependent synapse formation 
has been discussed primarily in reference to adult 
brains; however, recent publications in child 
psychology have begun speculating about the 
implications of this process into the maladaptive 
behaviors of children and adolescents, and how 
that maladaptation may manifest if intervention 
is not supplied early on in development 
(Cicchetti & Toth, 2009). 
Once the adult brain has formed, it is 
much harder to alter neurobiological mecha-
nisms. Examining long-term deprivation, Zuo, 
Yang, Kwon & Gan (2005) discovered that long-
term sensory deprivation beginning in young 
adolescence reduced the rate of spine elimination 
but had no significant effect on spine formation. 
This reduction in spine elimination was substan-
tially reduced in adulthood. Additionally, find-
ings suggested that sensory deprivation on spine 
elimination could be largely reversed in adoles-
cence, but not once spines stabilized in adult-
hood: whiskers were trimmed in one-month old 
mice for two weeks and then allowed to re-grow 
for another two weeks. During the two weeks of 
re-growth the percentage of spine elimination 
exceeded that of the aged-matched control 
group. Here, sensory deprivation was countered 
by the re-growing of whiskers. Mice did not 
experience the same effects of deprivation given 
the condition that they experienced a re-growth 
of the lost whiskers. However, for adults, the  
trimming and re-growth periods yielded different 
results. 
Adult mice experiencing sensory depriva-
tion were examined through the trimming of all 
whiskers on one side of the facial pad. Trimming 
took place on a daily basis for five months (Zuo 
et al., 2005). There was no significant difference 
between spine growth or elimination in adult 
mice that had experienced sensory deprivation 
and the control group (Zuo et al., 2005). These 
findings suggested that long-term sensory depri-
vation did not keep spines from reaching adult 
stability; however, when granted a period of re-
growth and restoration of sensory experience (for 
two months), there were no significant differ-
ences between spine growth or elimination in the 
sensory restored mice or control mice. These 
findings indicate that while spines may grow to 
adult maturity, once reaching adulthood, sensory 
restoration does not have an effect on function-
ing. 
The implications of these findings for the 
field of developmental psychopathology are as 
follows: 1) once pathways have been established 
in adolescence that continue to adulthood, they 
cannot be as easily reversed, 2) if a critical 
pathway has not been created by adulthood, most 
likely this connection cannot be forged. 
Implications for Developmental Psychopa-
thology 
Twentieth century theories of develop-
mental psychology paid little attention to neuro-
biological functioning (Cicchetti & Thomas, 
2008). With advances in technology, more 
insight has been granted on nervous system 
functioning and processes. The information 
gathered about the structural and functional 
techniques of the brain is just now being inte-
grated into the development literature. The 
advent of neuroimaging may provide insights 
into the principles of developmental 
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psychopathology: stressing the importance of 
examining the interrelation between normal and 
abnormal patterns of development (Cicchetti & 
Posner, 2005). According to Cicchetti and Poser 
(2005), "implicit in the principles of this field is 
a commitment to understanding normal develop-
mental processes and how deviant development 
may eventuate" (p. 569). In order to examine the 
mechanisms that may be influencing deviant 
development, it is apparent that variation must 
be studied from various perspectives. Therefore, 
neurobiological research, such as the study of 
this process, must be employed and integrated 
into the literature in order to forge connections 
between adaptive and maladaptive functioning. 
Research in the field has noted that 
abnormal deviations at one stage of brain devel-
opment may prevent the creation of new struc-
tures and functions, distort the formation of later 
emerging ones, bring about the construction of 
new structures that would not come into being 
otherwise, and place limitations on the elabora-
tion and usage of structures that appeared at an 
earlier time (Cicchetti & Thomas, 2008). These 
findings may be supported by the recent discov-
eries in neuroscience surrounding synapse 
formation and elimination. 
The formation of new persistent spines 
and synapses between previously unconnected 
pathways or the creation of new pathways to 
previously existing neurons underscore the 
creation and function of new structures, the 
construction of new structures that would not be 
sparked by normal brain development and the 
limitations placed on the elaboration and usage 
of structures that appeared earlier (Courchesne, 
Chisum, & Townsend, 1994; Cicchetti & Tho-
mas, 2008). As reviewed previously, in adoles-
cent mice experiencing long-term deprivation, 
sensory restoration yielded positive reversal 
results, whereas adult sensory restoration showed  
no such results. In addition, spine elimination 
was severely reduced in mice upon reaching 
adulthood (Zuo et al., 2005). If deprivation is 
prolonged with a reduction in spine elimination 
from adolescence into adulthood, where spine 
elimination is again significantly reduced, this 
loss of spine reduction may result in maladaptive 
functioning in the role of attention. 
The keeping of spines that should be 
eliminated over time with certain experiences 
could lead to a difficulty in adolescents or adults 
(with prolonged exposure) in directing their 
attention in different ways. This difficulty in 
holding attention or focusing on one specific 
stimulus could be implicated in the formation of 
Attention Deficit Hyperactive Disorder, which is 
characterized by a "Persistent pattern of inatten-
tion and/or hyperactivity-impulsivity that is more 
frequently displayed and is more severe than is 
typically observed in individuals at comparable 
level of development" (APA, 2000, p.85). The 
DSM also highlights that this disorder is often 
characterized by a history of child abuse or 
neglect (APA, 2000). Granted that this is a 
disorder most often diagnosed in children, and 
data on adolescents and adults are limited (APA, 
2000), prolonged deprivation may play a part in 
the creation of and maintenance of this disorder. 
More research is needed on ADHD prevalence 
and the course of development in adolescents 
and adulthood to support this theory; however, 
such research is speculative at best. Another 
implication of this research on synapse formation 
and elimination falls on the long-term develop-
ment of deviant behavior. 
Abnormal neural network configurations 
and operations may develop causing aberrant 
connections to be retained or created 
(Courchesne et a1.,1994). Children who experi-
ence deprivation, namely chronic neglect or 
abuse, into adulthood may integrate this 
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experience into their schemata and thus may 
cement neuronal pathways that cannot be re-
versed. Therefore, according to Black, Jones, 
Nelson and Greenough (1998), "pathological 
experience may become part of a vicious cycle, 
as the pathology induced in the brain structure 
may distort the child's experience, with subse-
quent alterations in cognition or social interac-
tions causing additional pathological experience 
and added brain pathology" (Cicchetti & Toth, 
2009, p.19). 
As addressed in this paper, spine growth 
precedes spine formation (Knott et al., 2006). 
The spines created by exposure in childhood and 
adolescence may form synapses that without 
proper sensory restoration last until the brain 
finishes forming. Additionally, as noted, the 
appearance of SER or spine apparatus has been 
implicated in the long-term maintenance of 
spines, suggesting that experiences may spark 
neuronal functioning that is, in a sense, here to 
stay. Also highlighted in the partial and complete 
deprivation experiments was the finding that 
partial deprivation in whisker trimming allowed 
for a compensation mechanism, whereas com-
plete deprivation was characterized by a reduc-
tion in spine elimination. Complete deprivation 
coupled with long-term sensory deprivation may 
play a significant role in maladaptive behavior. 
Perhaps these results are best applied to the area 
of personality disorders, which are often diag-
nosed in adolescence (e.g. age eighteen) but may, 
and often, continue until adulthood and into 
middle age. 
The DSM-IV-TR lists the pattern of 
"duration" as a criterion for diagnosis of person-
ality disorders. "The pattern is stable and of long 
duration, and its onset can be traced back at least 
to adolescence or early adulthood" (APA, 2000, 
p.686). Coupled with research and theory pro-
posed by the psychodynamic theoretical  
framework which focuses on childhood experi-
ences, current research in developmental psycho-
pathology has emphasized precursors in child-
hood that may predispose children to developing 
a personality disorder (Cicchetti & Crick, 2009). 
Perhaps the relation of duration, as a criterion, to 
the phenomenon studied throughout this paper is 
best applied to the diagnosis of Antisocial Per-
sonality Disorder. 
Antisocial Personality Disorder is marked 
by a "pervasive pattern of disregard for and 
violation of, the rights of others that begins in 
childhood or early adolescence and continues 
into adulthood" (APA, 2000, p. 701). Addition-
ally, in order for the diagnosis to be made, the 
individual must be at least "18 years of age and 
have had a history of some symptoms of Con-
duct Disorder" before the age of 15 (APA, 2000, 
p. 702). This type of historical pathology has 
been referred to as psychopathy and is often 
attributed to individuals diagnosed with antiso-
cial personality disorder (Hare, 1970). Psychop-
athy is characterized by an abnormal lack of 
remorse and empathy, often leading to the viola-
tion of rights of others, which is characteristic of 
antisocial personality disorder. At this point, 
nothing is known about synapse formation or 
elimination in regards to psychopathy. However, 
due to the nature of its duration throughout 
adolescence and into adulthood, it seems fitting 
that functional rewiring may account for part of 
this pattern. 
Psychopathy illustrates the long-term 
maintenance concept explained throughout this 
paper. Since Antisocial Personality Disorder is 
known to begin in childhood as Conduct Disor-
der (APA, 2000) the theory of spine apparatus 
maintaining the spines created throughout early 
development may be implicated. Additionally, as 
outlined by Courchesne et al. (1994), abnormal 
behavior which fits the description of 
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psychopathy relates to the theory of placing 
limitations on the elaboration and usage of 
structures that may have been in place during 
early development, but due to a lack of use, were 
lost. Moreover, an implication highlighted by my 
own research is that if critical pathways are not 
created or experienced before adulthood, the risk 
is that these pathways may never form. • 
Research has indicated that most adoles-
cents diagnosed with Antisocial Personality 
Disorder do not respond to tradtional treatment 
unless initiated early in the development of 
Conduct Disorder (Sarason & Sarason, 2005). In 
a study conducted by Gray and Huchinson 
(1964), psychiatrists responded to criteria they 
felt best described psychopathy. Of the criteria, 
of particular importance to this paper are the 
characteristics 1) not profiting from experience, 
2) unable to form meaningful relationships, 3) 
punishment does not affect guilt and 4) unable to 
experience guilt (Hare, 1970). These characteris-
tics followed by the thought that psychopathy 
was primarily "genetic in nature" help illustrate 
the pervasiveness of this disorder (p. 10). The 
inability to form meaningful relationships and to 
experience guilt are two indicators that perhaps 
synaptic formation and elimination may be 
playing a role in the inabilities experienced by 
individuals diagnosed with this disorder. There-
fore, these findings seem to illustrate the idea 
that if a critical pathway is not formed early in 
life, it may never be distinguished. Perhaps, this 
hypothesis explains why these individuals do not 
often respond to traditional treatment. 
Antisocial Personality Disorder has been 
connected with brain abnormality in the prefron-
tal cortex (Blair, 2010). In assessing the relation-
ship between characteristic traits of psychopathy 
(e.g. lack of empathy) and neurobiology, reduc-
tions in gray matter in the prefrontal cortex, 
particularly in the ventromedial and lateral  
regions, have been discovered (Yang et al., 
2005). The reductions in gray matter may be 
responsible for the decreased cortical activity in 
the frontal lobes. Additionally, white matter 
volume was increased in these individuals 
scoring high on psychopathic characteristics 
(Yang et al., 2005). These findings suggest that 
damage to the prefrontal cortex may be respon-
sible for the impairments in decision-making and 
poor judgment found in psychopathic individuals 
(Gao, Glenn Schng, Yang, & Raine, 2009). 
Given these findings it is interesting to 
consider the actions of spine growth and elimina-
tion within these individuals. Perhaps, abnormal 
functioning begins here and progresses into more 
elaborate brain dysfunction. The abnormality of 
the prefrontal cortex may be attributed to the fact 
that critical pathways were not formed early in 
development and with continued deprivation 
never developed. For treatment practices, the 
study of experience-dependent synaptic plasticity 
would be beneficial in providing insights into 
brain chemistry that may predispose individuals, 
via biopsychosocial influences, for such a disor-
der. While psychopathy already has a base in 
neurobiological research, the area of synaptic 
plasticity may add considerable insights into the 
formation of such deficits in brain function. 
Conclusion 
The area of experience-dependent synap-
tic plasticity may be best for application to the 
study of personality disorders. Studying these 
disorders from this perspective may yield impor-
tant insights into the etiology and developmental 
course of such disorders. Additionally, if discov-
ered early in adolescence the reversal of sensory 
deprivation that is noted as being experienced by 
several individuals with personality disorders, 
may lead to better treatment outcomes and 
explanations for behavior (APA, 2000). 
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Areas of exploration include Borderline Person-
ality Disorder which is characterized by anger 
that is "elicited when a caregiver or lover is seen 
as neglectful, withholding, uncaring, or abandon-
ing" (APA, 2000, p.709). Are there connections 
between brain development in children that are 
diagnosed with Separation Anxiety Disorder and 
individuals that are later diagnosed with Border-
line Personality Disorder? Could these connec-
tions be related to the formation and elimination 
of synapses based on experience? Are other 
childhood disorders that leave remnants through-
out the life span influenced by this functional 
rewiring? 
Experiments in the neuroscience litera-
ture have indicated that spine growth precedes 
synapse formation and that new persistent spines 
synapse with preexisting boutons. Moreover, 
SER or spine apparatus, in line with the 
multisynaptic boutons may be responsible for the 
maintenance of certain pathways in the brain. 
When applied to the concept of partial and 
complete sensory deprivation, partial deprivation 
may allow for compensation mechanisms while 
complete deprivation shows a loss in spine 
elimination. Findings have noted that long-term 
sensory deprivation which continues from 
adolescence into adulthood shows a reduction in 
the ability to eliminate spines as well. 
Taken together, the forging of new 
synapses with previously existing pathways or 
strengthening connections between previously 
unconnected pathways and the effects of com-
plete and/or long-term deprivation hold implica-
tions for the field of developmental psychopa-
thology. As outlined in this paper, if detrimental 
experiences influence development until adult-
hood, an individual may not respond to an 
introduction of previously non-experienced 
material. Additionally, if critical pathways are 
not forged before the adult brain finishes forming 
these pathways may never be experienced 
by an individual. Perhaps these implications are 
best illustrated by cases of Attention Deficit 
Hyperactive Disorder, where a reduction in spine 
elimination may play a role in the inability to 
effectively direct attention for specific objects or 
an amount of time. Also, the area of personality 
disorders is currently characterized by experi-
ences in childhood. These experiences may 
influence the synaptic plasticity of the individual. 
The field of neuroscience has provided 
fascinating insights into the realm of experience-
dependent effects on functioning. However, 
these findings may yield important and vital 
findings for the study of developmental psycho-
pathology and the etiology and treatment of 
disorders beginning in childhood. Additionally, 
this area of research may help researchers and 
clinicians determine other causes of deviant 
behavior manifested in adulthood that might be 
neurologically based. 
However, the ability to examine dendritic 
spines in humans is a particular difficulty for this 
line of research. As noted in this review, studies 
exploring spine growth and elimination involve 
slicing a mouse's brain into multiple cuts. Obvi-
ously, this type of experiment is unethical for 
human participants. Yet, with the developments 
in neuroimaging technology perhaps we will 
eventually have a means to explore spine pat-
terns in humans. This technological advance 
would be instrumental in providing empirical 
evidence for the theories of spine growth and 
elimination in humans. Currently, the relation-
ships suggested by findings in neuroscience as 
applied to human beings are completely specula-
tive. 
However, the study of experience-depen-
dent synapse formation does provide promising 
areas of research for the future. As evidenced by 
the current literature on developmental 
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psychopathology, researchers should 
consider this line of study as it may underlie 
maladaptive behavior in children and adoles-
cents. Moreover, the arguments proposed by this 
process of synapse formation may provide 
important insights into the pervasiveness of 
specific disorders, and account for behaviors that 
are often unaffected by therapeutic intervention. 
Conclusive evidence of the effects of experience-
dependent synapse formation may influence 
clinical techniques and approaches in treating 
disorders. 
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